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METHOD OF CONDUCTING REARING WORK. 


The studies reported in this paper on the grape-berry moth 
(Polychrosis viteana Clem.) began in 1916 with the collection of 
grapes which were infested with early hatching first-broed larve. 
These infested grapes were taken to the open-air insectary and 
placed in cylindrical wire baskets which held from 1 to 14 quarts 
each. These baskets were placed in glass battery jars which had 
been supplied with about one-half inch of sand in the bottom. This 
sand absorbed the juice from the infested grapes and maintained a 
fairly constant humidity in the jars. The jars were closed with 
cloth covers. 

Fresh grape leaves were placed in the battery jars in the space 
between the wire baskets and the glass surface, and the larve pupated 

1 The data reported in this paper were accumulated during the seasons of 1916, 1917, and 1918. The ac- 
tual rearing records were secured at Sandusky, Ohio, and the field observations were made in the grape 
sections about Sandusky, including the Lake Erie islands, in Dover and Avon sections west of Cleveland, 
and in the Euclid section east of Cleveland. 

Control experiments based on these life-history studies were conducted each season and the satisfactory 
control effected proved the value of such life-history data. The results of the control experiments are 
published separately as U. S. Department of Agriculture Bulletin 837. 

These investigations were conducted in cooperation with the Ohio Agricultural Experiment Station. 

During the season of 1916 the writer was assisted by E. R. Selkregg, then field assistant in the U. S. Bu- 


reau of Entomology. Mr. Selkregg was in direct charge of the rearing work for 1916. In the seasons of 
1917 and 1918 the writer was assisted by Chester I. Bliss, field assistant in the U. S. Bureau of Entomology. 
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in these leaves. The leaves bearing cocoons were removed each day 
and fresh ones supplied. The cocoons were placed in small jelly 
glasses until the moths emerged. The moths were removed each 
day as the records were taken. To secure oviposition records when 
the moths are confined several different methods have been tried 
but all without satisfactory results. 

Throughout this work the rearing records have been checked and 
supplemented by extensive field observations and, except where 
noted, represent as nearly the actual conditions as it was possible to 
approximate. Each table presented is to be considered complete in 
itself and not dependent on any other table. Special methods for 
the securing of any particular records are given with the records. 


WEATHER CONDITIONS IN 1916, 1917, AND 1938. 


Seasonal-history data sufficient for accurate timing of spray 
applications were secured in 1916 and the other data secured were 
incidental. The weather conditions in the season of 1916 were 
about normal except for an unusually warm dry autumn. In 1917 
the records are more complete, but represent an abnormally late and 
wet season throughout. The fall was unusually cold and rainy and 
considerably retarded the development of the second-brood larve. 
In 1918 berry-moth infestation was generally light throughout 
northern Ohio and difficulty was experienced early in the season in 
securing sufficient material for rearing records. ‘The season of 1918 
opened unseasonably early and remained advanced throughout. 


SEASONAL-HISTORY STUDIES, 1916. 


These studies began with the collection of early hatching first- 
brood larve in the vineyards. Vineyards known to have been 
heavily. infested in 1915 were searched carefully on June 1, 5, 10, 
and 14, but not until June 20 was a larvafound. At this time only 
an occasional larva could be found and there was no general infesta- 
tion of the grape cluster buds. Not until July 5 were larve present 
in the vineyards in any considerable number. Collections of larve 
were made frequently and regularly throughout the season, beginning 


June 20. 
FIRST GENERATION. 


TIME OF FIRST-BROOD LARVA LEAVING THE FRUIT. 


Actual records began with the early hatching larve leaving the 
fruit. Table I shows the dates on which the first-brood larve spun 
their cocoons. The earliest date is seen to be June 28 and the latest 
August 18, with the greatest number cocooning on July 21. It 
seems worthy of note that a very large percentage, 81.35 per cent, 
cocooned within the 12-day period from July 16 to July 27, inclusive. 
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TsBiE I.—Time of leaving grapes of first-brood larve of the grape-berry moth in 1916. 
Fruit collected at Venice, Put-in-Bay, and Kelley’s Island, Ohio. 


Date of leaving fruit. 


Number 
of larvee. 


Date of leaving fruit. 


Number 


of larve. 


4, 125 


LENGTH OF TIME OF FIRST-BROOD INDIVIDUALS IN THE COCOON. 


The time of cocooning and length of time in the cocoon for 38 


individuals observed are shown in Table II. The maximum time is 
19 days, the minimum 9 days, and the average 11.7 days. 


Tasie I1.—Time of cocooning and the length of time in cocoon of the first brood of the 
grape-berry moth at Sandusky, Ohio, in 1916. 


¥ | Larvee Moths | Daysin 

Number oflarve. left fruit.| emerged. lin cocoon. Total Larvee collected at— 
Bian eee aie oh es Pena June 28..| July 11.. 13 13 | Put-in-Bay, Ohio. 
bys Btepat ele Seton, Le ele doz. ==) July 122: 13 13 Do. 

Seeds PEP Oe hee Why, MarscleacOOs soc 10 10 | Venice, Ohio. 

aoe ob Somos on ers July 4 July 14 10 10 Do. 
5 a On Oe com sere EdOze July 15 11 22 Do. 
37, < pete ese ee ieee eae | July 5 July 16 15 15 Do. 
2 SO eee oie eal | July 6...|...do.. 10 10 | Kelley’s Island, Ohio. 
ris orto ge ae Se Cae Ree do. July 18 13 13 Do. 
3S :ehORt SSeS eee -do- July 25 19 19 Do. 
OS cero se aaie ra eRe eas July 7 July 17 10 10 Do. 

pe een AN Ae se eR .do. July 19 12 12 | Venice, Ohio. 

SceEEeeoe Becton see do. do.. 12 12 | Kelley’s Island, Ohio. 
3 ose ae eee ae eae edoue July 21 14 84 Do. 

Sue ner CONS h es ae ate July 12. .|-.-do. - 9 45 Do. 
See ee een oer July 13..) July 24 11 11 Do. 

ES Raat ee ae eee .do. wEdOn= 11 110 | Venice, Ohio. 

Be eave nan eee Salts a Costes | ullya25e: 12 24 Do. 
2 goescossseseansoucaae|oas® Os soc)) diilhy Por 13 13 Do. 

Average. ale 
Maxi- 
mum... 19 
| Mini- 
| mum.. 9 


TIME OF EMERGENCE OF FIRST-BROOD MOTHS. 


The material for securing emergence records of first-brood moths 


included the larve collected beginning June 20 and shown in Tables 
I and [, and pupe collected in the field at frequent intervals. It 
will be seen in Table III and figure 1 that moths began to emerge 
July 11 and continued until August 31, with the greatest number on 
August 3. A large part, 63 per cent, of this emergence came within 
the 11-day period, July 27 to August 6. 
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TaBe [II.—Time of emergence of moths of the first brood of the grape-berry moth at 
Sandusky, Ohio, in 1916. 


Date of emergence. ay ee Date of emergence. 
divi Jol ae es ese ee ena a pete es aus Lf | | PAS OES fie Se es ees oe ee ote eee 
Ly Sen ene Cee NAT Sy Ae el 2 : See ee, ene ae Ga ot ae ai eb a ae NS 
IG Ae eek aa oN eee rene Sree cance 1 | ae ea are ete eee eae Sap ae is 
PAs SA Se oe ee a he oe epee il A) oer er ee eens eee eer Coat 
DD ae re eee Ss ee eR ener 2 LiL et Se ec re nS ee en ee 
TG iene ea ese eS om ae eens 2 Dips 2 ERO Beso tay reine eee ey pee 
BS eee ace veces Spe ech hy ee Sree i DB Sea At ie eel ane ye S e eee 
hereon ERE aaa haat | 1 i AR, AE NS as Renee ee oe, 
TA Lois shy a eR Ce Tocco heen ra | 1 Nes Se oie Cade eee Ae he 
D0) eee ee ps eine Se | 3 UG ee Se ee oie eee et 
PANES ae Be i ie eateries Peace any Set ar | 11 LE PRS eee te See RON yer Ee 
PERN an ea AR oom eR AA 10 Se einer Ces ene ao eer ahora ae 
PG eh ed ofc Sh Reena 7 1 ah ers theirs os yeep eye 
DO Ee aR CEB eo aE COA SEES 13 7) NOMS eS et ee ices by Ns ies Joke ns 
DOR Se ese ee ee oe es ee IES 10 PAN rie eae Pan phe a eyes ere 
2 ese cds ier epee ae pe ee ate te eae 43 DD Re eerie ey a eT 
DT eRe Si See get eos Be Be --| 116 DB een Sens a ere et emer 
Dh NE Sess oO al pee GG ane cea a ee ae BER 168 DA IE siete sap ioe ae epee eae a 
DOs ete yt Bes She ae | 164 Die eee eee ee 
RD) onsen coe mast ee nD Eee tes | 119 ye Sean ete ne Be eae ERG = 
Pa Bea oe Ace SR ee eerie 111 DY ee Monet na,  Oe PON aS eR ES 
Arion eee ee enc eee ES | 78 28 Saat en eee eee 
Dh es BS See Re eA Se Ee ETB | TEU Seale aes DOM A ee hoe peer kt coe ere Oar ears 
ing Rar eae Sree ees! | 194 Bi Sane er Ue aera 
De re I Se pee eet ieee ea 109 pa aed eee a ea SP le SS 
EB eS ee ce ee es Bp 190 
Gi ae aha he Noes RS 112 | Roval te cake sa eee 
<1 
130 | 
150 
N ZO 
8) 
NG IO 
N) 
< 60 
ESO. 


10 
YULY 


/O FO 


AUGUST 


Number 
of moths. 


Fig. 1.—Diagram showing time of emergence of first-brood moths of the grape-berry moth (Polychrosis 
viteana) at Sandusky, Ohio, 1916. 
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OVIPOSITION OF FIRST-BROOD MOTHS. 


The oviposition records were secured from some of the moths 
recorded in Table III. The oviposition of a few of these moths is 
shown in TableIV. No attempt was made to secure oviposition rec- 
ords throughout the entire oviposition period. From observations 
made in the vineyards during the season it was found that the 
heaviest oviposition was in the period from about August 1 to 10. 
Freshly deposited eggs were found in small numbers in the vineyards 
as late as August 17, and eggs were being deposited in the insectary 
as late as September 1. 


TaBLE [V.—Oviposition by first-brood moths of the grape-berry moth in rearing jars at 
Sandusky, Ohio, in 1916. 


| Number of moths. Date of— Days— 
: From 
No. of jar. 9 TER ate First Last Before Ofovi- | emergence 
dg 8 ‘|oviposition.|oviposition.|oviposition.| position. | to last ovi- 
position. 
1S baer 2 ON Inaly 245252) Joly, 26252 si) Inaly 26222 = 2 1 2, 
De eye 14 ©) | dilhy 27. 6|| dihy seo oo\| diwlhyess se 3 1 3 
1 eee ee 12 If |) dwell Ps o.)) Ie ool) ANS Bo 5 oe 6 2 8 
AR ene eee (4) (1) Aug. 5-6. .| Aug. 7-8..| Aug. 11... 2-2 3 6 
5 See ae 3 14 | Aug. 22-23.) Aug. 26...) Aug. 26... 4 1 4 
INSU GIN TS EAR oe Si hrs ee fs lens St ein ars Mb ernst Res Di oi eon ey We ea 3.4 1.6 4.6 
MESSRS rsa ter atari eh Te eens a seep eel sy Hse, fia es a Lake 6 3 8 
WMiWeubobhenN 6 J aasseoasuoes IW ea at RY NE AR AO re Cha ES Me es 2 1 2 
1 No record. 


SECOND GENERATION. 


Tassie V.—IJncubation period of second-brood eggs of the grape-berry moth at Sandusky, 


Ohio, 1916. 
Days of 
Number of observation. Pee eee ee Number of eggs. 

Ibias AE Csis eon ae A eee ede ta a 4 Se eens INDOLE Eee bce Aug.8 5 | No record. 

DAN SAA SSA PEON SB ee ee Aug. 7-8..-.| Aug.11 4 Do. 

ASU a See Bsa Tet oe ee ee Aug. 9-10. .| Aug. 13 4 | 52. 

Ble aga Dine i Seis a ee Aug.11....] Aug.16 5 | 39. 

Sy SS Neem a VA 84 JUS) Se Ig ST Aug. 27-28..| Sept. 3 7 | No record. 

CRS rey Rie ae SNE ee SO ug. 30....| Sept. 5 6 Do. 

If SEE A TS ae ee Septaliceocne Sept. 6 5 Do. 


Average length of incubation period, 5.1 days. 
Maximum length ofincubation period, 7 days. 
Minimum length ofincubation period, 4 days. 

The incubation period of second-brood eggs as shown in Table V 
averaged 5.1 days with 7 days as the maximum time and 4 days as 
the minimum. It may be assumed then that the earliest second- 
brood larve began feeding about July 21, 10 days after the emer- 
gence of moths on July 11. The hatching, however, was light until 
about August 5, when larvee began to be present in the vineyards in 
large numbers. Though some larve hatched in the insectary as 
late as September 6, in the vineyards most of the larve had hatched 
by August 25. 
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FEEDING PERIOD OF SECOND-BROOD LARVZ IN REARING CAGES. 


Records from the date of hatching to the date of cocooning were 
secured from 51 individuals as shown in Table VI. | 


TaBLEe VY1.—Feeding period of second-brood larve of the grape-berry moth in rearing cages, 
Sandusky, Ohio, 1916. 


; 
| Date of Nutber sa 
Date of hatching. | cocoon- | voogue | Total 
| ing. Set | Pena: | 
| 
| Days. | Days 
RGipe A Doel Sake Rett et eres ee ae, | Aug. 31 | 2 | 20 | 40 
ant ives Meh PURSE Case ee OE kaise A eS Sept. 1 5 | 21 105 
DOS re ee or pe ae Say 1 aa ee yd eg ee ee ae ae | Sept. 6 | 4 | 26 | 104 
MD pee Penis et Che on ee yraee nner a ee el eee nee ee | Sept. 7 1 27 27 
TaNE PEGE et) Sees Se Re pee oe lt i ba ieee, ie Sa | Aug. 31 1 18 18 
Bayer oe Sis as Peo Sen ae Pens ae ee eae ae Sept. 1 2 21 42 
Bee ce tn ee ee eee a oe ee Sept. 2 1 22 22 
BD se ee eS See oe Se art as ee ee Sep Leeacl 4 24 96 
ye a a ge ee as oe ee ae eye | Sept. 7 | 4 27 108 
ES ee Fe nee Nr Se Fe ie as Sd Sept. 9 2 29 58 
DOE se We ae ar eg Me es Oe tle Seg er ey ee | Sept. 10 1 30 30 
PRET EN ries Sd en Og ee ok eR a ge | Sept. 1 | 3 16 48 
TED ice ier cee © aie ee ih ai eget UO Cg Cog ee ies ne | Sept. 4 5 19 95 
De en ee BT fare ies ee oe eee a ee OR pe a eS Sept. 9 31 24 7. 
ee Fe ieee ea ee a ap ee eee SL ae 3 | 25 75 
LY sae aes i pe eS pce eg rept My opt es a, a ard SSE Sept. 11 3 | 26 78 
DD ee eee eae ty ie ee ee en ees ee Sept. 12 3 27 | 81 
7 ETRE SG ats aRae ae ete eee Mee eRe be oe iether tore node a ee See Sept. 14 1 | 29 29 
SD eee Bes eee ae, Sa ee eRe ae ka ae i Sirti aE Shes Oct. il se 36 36 
7S 5) EBs arts Sele eee, Sen mea ere ela yar nea ee tas, oe Oct. 9 i} 33 33 
Oneee soe ee ee a a ee ee ee Oct. 12 1 | 36 36 
Litt 2 Reig le ct nema SMT iS eee ai 5 a un eee ae Bis | Sees | 1,238 
IA CTAL OS he NE ee RI eee Nl ean Cae iy oe OR Some ee eee ae Cam ea ene 24.18 | 
A ECOL LTE C15, Se coe eee a EN a ee ee ee aces Se ev Ue ence aang ap Ae ee eal TS 36 
TU ATOTECLY TEA fis ae get eae te el RR Sant SACL er Rea Ae EL Sa ha Pe ee ee ae Lh ie Rea 16 


The average length of the feeding period for the 51 larvee was 24.18 
days, a much shorter period than has previously been recorded as the 
average for the second brood. This shortening was due no doubt to 
the unseasonably warm weather that prevailed during August, 
September, and early October of 1916. This figure should not be 
taken as representing the usual condition, but is presented here to show 
the influence of a warm fall on the maturing of the larve. The maxi- 
mum length of the feeding period was 36 days and the minimum 16. 

LENGTH OF THE PREPUPAL PERIOD. 

The length of time between the spinning of the cocoon and pupa- 

tion was recorded for 13 individuals as shown in Table VIL. 


TaBLe VII.—Length of the prepupal period of 13 individuals of the second brood of the 
grape-berry moth, Sandusky, Ohio, 1916. 


| Number | 


Number : Date of Gays Total 
Date of spinning cocoon. of Co- of pu- in pre- | Humber 
coons. | pation. pupal | of Gays. 
Stage. | 
| ol 
Piece tre ee Sel gy eed.) Cenacle bomen era 1 | Sept. 3 3 | 3 
MD pee a es NR Sa iets | cage i Se aie ca pe 1| Sept. 4 S a 
eee See i SB ee Bee ee ae ee lS Beak (eae 4 4 
SIE, Ee oc, ee RS Set Giebies oSe Oils <2) 3 2 S=idos | 3 6 
MD erie 2 oa tea: See see SS See ae SP 5 | Sept. 5 4 20 
aaa MNS Sen EN Gs ee ee 2| Sept. 6 | 5 10 
BD ee a ee ee) nt a Se Se ee i] Sept. 8 | 7 7 
Oba oe eae ae re oe Se ESO ee ee Lae ee i Bja gas Sees | Se eenee 54 


Average length of prepupal period, 4.15 15 day 
Maximum length of prepupal period, 7 days. 
Minimum length of prepupai period, 3 days 


; 
a 
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The average length of the prepupal period was 4.15 days, the 
maximum 7 days, and the minimum 3 days. 


TIME OF COCOONING OF THE SECOND-BROOD LARVA. 


In an effort to determine the percentage of worms normally re- 
moved from the vineyards with the harvested grape crop the following 
records were secured: 


Taste VIII.—Time of cocooning of the second brood of the grape-berry moth at Sandusky, 
Ohio, in 1916. 


Number Number 
Date of cocooning. of co- Date of cocooning. of co- 
coons. coons. 

PANU OD ee ee Sete ot eS 8 Reema ear TL VpSTEy OLR ea oan bree wean pepe ebe Vai eee a ua eee 244 
ANT) app ech: Rote PS Bi May Dok gat ng TRI ea a ae BH IASTSY OF ene Pe EMER ee ad sek Pe eae et ae ly Na 109 
PAN SD Aree cet ge aa eae See ee GH IIESODUA2O NSS Oe pee stare sro ae egee nen me 46 
ON OD = nr SEERA eR EL tert GY Il SK Sy On Fey 10 Rea ese ie Mes aa eter Nae Me 18 
PANTO SIDR Fe rtses Saein ss ae ee A eum ene ale AAR IE) Crt ey Meare essa G Ui paye Wae a Ya lPT aye eee 33 
SUT ROG ieee Fs ec eet Sa aie ee Tal OC het Zea: paar e A ake Leonia ag es eee eye te a 40 
AVION SO) Oe ge tener Re ANE RERUN ae Naha OBO .C GS tee se ae eee ie aha es ite nee reas 64 
PAVUTO Feber pes apa eee ge ac Sa aL ee 5 ASR HHI) Use Ase ON ress se MPR Ts uh Ta ed ee ape 87 
OD Uglies ter see oe eee sate er Se ei TESS (ath ig OX (ayes gad ee ces enema Sa ae yn ek a 119 
SISTER OIE cn Ue OS SO oe eR Pia Nae MOTO CEG a tew kee oo Wages een Re 64 
NEYO Fy Cheer Mv ee Aer ieee a einer geen per CHOY HE CO ees yet ie Nee 5 pales Sree a I oe 51 
SOD tao essere ene Cen aac aaa ee AGB hale@ CU Spec eles ie a oD alain oe en ay ne 55 
SS Og Bisa eee: ee ae ENE Aree Seen Beale Dread eRe ZOE RO CEO sa aires Se 2 ae he ae eh ae 16 
SEY OM Boi) Geeta 2 Ee te Ng ee acta ane ME ee CHa) Ma Oot rey a U0) is ee CN EES OY es mentary 2 10 
SOUS cas Aces cee a een Hele pe ean ne SAO HOCTA MEAs San ex bian ate oe De steak eae et 15 
SOLES) Seat Ns uN ee ay een ree Er SV ANIE Gey au aay ee ae A age age MN A ph 9 
SOLO TD) Spas ee cette aS nae a hae NO ne USS IO CHa Se ety Le pe etree 15 
Sep tp olleuee are tr ek ee BASH O Gide ike eau een Ge Beemer eae 14 
PSY SOU DA Ske a is oR er A Tie UE Se a oat SO QMO CED 2 tit aros ieee siete ea egrets 
SLE) DLT bes) eS ae ge ie ek AD DEN RO) CUMS eee ripe ahaa So NS ecules Lie 16 
Sep tee dears wean meray a ee MS DSA MOCt sal Qe ae he ete, ney tN ae eae ae 8 
SYS] OA HA US) oe A op hele a a ae SP Re | OTe BOGE se 21a Wace rhe rn at oe em oan ae 6 
Bed Gta eer Bele eer Sik ANE Ae cine OVNI Gye OSU ae MeO Beth Vee emt ome 5 
SOU eli en nie ee me Ta ee Gell le OY een Obes hes Silas Serna a a eae ne] 4 
SCP bel Save eee a ee See wa eaT LA SO Clee erence oe te tee eee Sena ene eas 6 
PSY 0 Fes 1 IG) a eR REE ON near 9 CAR nS ca aH O3 PMI OY cl re 40 ace ea Baee e  enc  e Sa A aes 6 
PLS) Os 72D) eee ee ee SE are nT ee ete ADIN Oi Ly tag hee rae ata Apa: Sa ae 6 
SIE) O14 | eae a Ae Bees ot AE eee Do Nd i MINOVE Sos cts ae lane ERC. cee 2 
SIE) 0) Ba 2 Ae Ss Se ys Me ane aes es oe ee ie Drie INOW Obes ees Se eee eee eee oo ae 4 
Sep UHO3 Beane seca eee eran no oma COE I INON iis Cars ee cie Rate centers area e ate ime FeO 4 
PLE) OY 22 GG a cd ei Sal IN cc 68 —_—_____ 
SPD 20 seman ek SSP eee Lee mae aces | 126 | Motel stare eee he aaa eee eta 6, 138 
SISOS 2. Ba Sa eae ea Ee tae a ere ea rern ee 128 


Larve began to leave the grapes as early as August 22 and con- 
tinued to leave as late as November 7. The table further shows 
that 77 per cent of the larve left the fruit previous to September 25, 
the date of the beginning of the Concord harvest, and that 90 per cent 
had left the grapes previous to the beginning of the Catawba harvest 
on October 3. From these data it would seem that little control 
is effected by the removal of the worms with the crop. 


SEASONAL-HISTORY STUDIES, 1917. 


The 1917 rearing records begin with the emergence of spring-brood 
moths from overwintered pupz. These pupx were kept under a leaf 
blanket in the insectary yard, a condition similar to that in a pro- 
tected part of the vineyard. At the time when “plowing away”’ 
from the vines began in the Sandusky section May 14, the cocoons 
were moved from the wintering place to the insectary, placed in rear- 
ing jars, and records of moth emergence taken as shown in Table IX. 
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TaBLe [X.—Time of emergence and sex of moths of the spring brood of the grape-berry 
moth, Sandusky, Ohio, 1917. 


Number of moths. | Mean || Number of moths. | Mean 
| daily || daily 
Date of emergence. | tem- || Date of emergence. }———_—___,___,___| tem- 
1 | pera- || pera- 
aa eee 6) ‘Total sche | 3 Q | 19 |Total.) PEre 
| | | 
| | 2 = ok ee eee 
| | 
EET 1:1! eee i ea egal | ys ae 214 2762) Paty NOS 228 ean ees) Pea) Ses 40} 65 
Erriiiep (meee cee Rea Ti, ae 1} 1502 || daly 11o see Mees Pe ee | 63 
FNC doe se ee tcc: fig Bee 3 70| Joly eee 10 (fe al 47 66 
[Ge hoe ae yD ri eee aoe 3 72d daly oe a een te at ee 7 64 
June 152 2. es 28 Beseae i les eee 1 5 aokyal4 ee cea AS 200 Soe 24 70 
JHNCIGi cae eee (fA eon 2 5a || Sully Ses eee Pu > 1} 31 72 
4 piitley! Vee ee eee Syleese ee 3 6051 July 36522 7 20 Peels 74 
JUNC AS Ae ese 3 9 3 7 697) (Joly lie 5 PA Pa et ae 32 72 
Tie Ce eee 10 16 22-28 73-\| duly 18:2) aio ce 1 iP) eee | 13 7 
Jrrades20 ee a 1 th Bese 2 6651] Sulygi GS! | CIN Beas: 2; 34 ae 
June gt se 10 6 3 19 G8 Duly 205-22 ee eel 3 4 | 3 10 76 
June 225 eee 34 46 1 $1 6S) | Waly 2 ee 5 14 2 21 76 
UTC s eee. eee 3 Tl eee 9 72 || July 22 —.------ == 2 cls) eee ee eee 
NG 2A ee ee] 13 ET | eae Se 64 62) | duly 23:42. 225s 1 (| eee | 8 78 
weaNe 25 Se is §2 2} 102 GS valys242 ss ee ee 1 i eee 9 80 
June 2622. 17 56 3 76 1S) hal y25 seen ee ae 7 | 1 8 78 
AUDI D7 eave ee ae oe 7 3 Rey eas Hoe Bates G9) aly 260s ee eee 2 1 3 80 
NUNC QS ar a ee 32 90 23 \| ib2! ZO UE tly Dian oe ee i is) Eas 1 76 
Tene Zoe 13 39 1 53 63) duly 23825. ie 9 | 1 10 72 
Rane 30 eee as 17 79 2 98 69 fully 2022 = eee 2 aes 2 86 
TEST bipel Hee 4s aa oi 15 36 3 54 163) uly; 3032 52 see 2 1 3 8&7 
Sully? ee 2 10| 37 2| 49 GO Saky S10 Meee leg etal 7 ee 2 88 
Salys oe ie alae i Pam 33 GAC eA i eee eae 1 ipo Bee. 88 
A bit ees See ae 1 31 1 33 63 Aug S22 so. acta eae I ie Se | 1 ve: 
Marlyse See, an (nee ie Rests 4c Aves Sees apg tee iil Feciae ome: 80 
daly 62 es i Denes ig (Sea 41 G6 ie Aue Oe es Sees rel Somes Raa: 65 
Salyage oe Boia Ge ee 51 74 || bea] — —— 
July (See = 26 = 34 71 |} PObAS eee | 305 1,116 43 |1,464 |.----- 
July. OM 8 | 38 ss eae 46 76 || 


| 


4 o) Denotes specimens the sex of which was undetermined. 


SPRING BROOD. 


EMERGENCE OF SPRING-BROOD MOTHS. 


In addition to the time of emergence and number of moths emerg- 
ing each day, the sex of the moths was determined and recorded. 

Moths began to emerge June 9, but did not emerge in any con- 
siderable numbers until June 22. (Fig.2.) From this date emergence 
was heavy for about 10 days and then fell off gradually until the 
end of the emergence period on August 10. 


RELATION OF EMERGENCE OF SPRING MOTHS TO GRAPE BLOOM. 


The relation between the time of emergence and the blossoming 
period of grapes is of interest in substantiating earlier records. 


TABLE X.—Relation between the time of emergence of the spring brood of grape-berry moths 
and the period of grape blooin, Sandusky, Ohio, 1917. 


- | 
: 3 Female | Sex undeter- 
| Male moths. moths. | mined moths. Total. 

Period. Dates inclusive. Eaasere ane OF ae = 

Num-} Per | Num-| Per | Num- Per |Num- | Per 

ber. } cent. | ber. | cent. ber. | cent. | ber. | cent. 
Before grape bloom...... | June 9-20.......... 21| 6.88 | 36 | 3.22 5}11.63| 62| 423 
During grape bloom..-.-.-- | June 21-July 1....- 179 | 58.68 522 | 46.77 17.} 39.53 71S 49.64 
Ten days after bloom..-..| July 2-1i-.-......- 52 | 17.05 313 | 28.04 8 | 18.60 373 | 25.47 
Remainder oi season.....| July 12—Aug. 10.-..| 53 | 17.38 245 | 21.97 13 | 39.24 311 | 21.25 
BD fall ee oe aE So 2 5 Ore eee Rape ny cours | ae {4,468 (Anes 
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The blooming period of grapes from June 21 to July 1 begins with 
the bloom of the Ives variety, one of the varieties grown commercially 
in the northern Ohio sections, and ends with the falling of bloom from 
the Catawba variety, also a commercial variety of importance in the 
sections studied. It is seen that less than 5 per cent of the total 
emergence occurred before the beginning of bloom, 50 per cent in the 
10-day period during bloom, 25 per cent in the next 10-day period, 
and 21 per cent during the remainder of the season. 
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Fig. 2.—Diagram showing the time of emergence of spring-brood and first-brood th of the grave- 
berry moth at Sandusky, Ohio, 1917. 


A rather close correlation is evident between the rate of emergence 
and the daily mean temperatures. 


PROPORTION OF SEXES OF SPRING-BROOD MOTHS. 


TaBLE XI.—Proportion of sexes of spring moths of the grape-berry moth, Sandusky, 
Oho, 1917. 


Number | Per cent 
Sex of moths. 


(0) (0) 
moths. sexes. 
WEN Soe HBS Ae Ee eee Pane anv red MR Sever antes Rms en AALS LMS Al “et pemres RO EN 305 1.46 
INGER G2) 9. aie as Set in ee ely ae Rae Oe Oe oaks nr, Sei Peete Ra ee ena 1,116 78. 54 
WOES LOLI GO eer ress eee eater hot ce eee cee oe ens ee TR Pace ea Te ee els, |r 713, Lys eee Be 
Total 


The high percentage of female moths, as shown in Table XI, seems 
to account for the frequent heavy infestation by second-brood larvee 
after a comparatively light first-brood infestation. 

7678°—20——2 
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PERCENTAGE OF EMERGENCE OF SPRING MOTHS. 


TABLE XII.—Percentage of emergence of spring moths of the grape-berry moth from 
hibernation under a leaf blanket in insectary yard, Sandusky, Ohio, 1917. 


Number | Number | 


Lot No. Source of material. of of moths Emer- 
cocoons. | emerged.; 8°UCe- 
\ 
Per cent. 
1 | Collected as larvee at Venice, Ohio, 1916... ...-.--.2:.2.....2 2, 082 780 37.46 
2 | Collected as larve at Putin Bay, Ohio, 1916-..-............... 1, 493 236 15. 80 
3 | Collected as larve at Kelleys Island, Ohio, 1916----........... | 2,301 231 9.74 
4 | Collected as larvee at Venice, Ohio, 1916....................... | 82 12 14.63 
ch GW a are A RD A DE a RR ee el Rae 6, 028 1 2098 | 2 eaters 
PAV CRA O 2 Bed eg, GORE eetns AEA re) Rp eet genes Betesesses bess ssoss5 20. 88 


No explanation is offered for the variations in percentages of 
emergence from material collected at the different places. The ma- 
terial was all collected as larve in the infested grapes at similar 
times and kept under identical conditions after collection. That but 
20 per cent of the cocoons formed withstood the winter under a light 
leaf blanket indicates that the natural mortality is considerable. — 


TIME OF DAY OF MOTH EMERGENCE. 


Records were taken as opportunity offered on the time of day of 
moth emergence. These records were in the period July 8 to July 
17 or about in the middle of the emergence period. They indicated 
in a general way that emergence began in the morning as soon as the 
heat of the day was felt and that practically all emergence took place 
between 6.30 a. m. and noon. 


OVIPOSITION BY THE SPRING BROOD OF MOTHS. 


A few records of oviposition were secured and are shown in Table 
XIII. These meager records serve only as an indication of the actual 
conditions prevailing. 


TABLE XIII.—Oviposition of spring moths of the grape-berry moth in rearing cages, 
Sandusky, Ohio, 1917. 


Number of ai $5: 
STO. Date of Days 
Observation No. = Bef Ofovi ee 
mer- |p; . : efore ovi- 
moths. | P ote ‘| sition. | tion. ovipo- 
sition. 
ia SS iy eee eee 2 4 | June 18 | June 21 | June 24 3 4 6 
Os NS CREL 3 See a 10 10 | June 27| July 2|July 2 5 1 5 
Sen eee eee es 4 10 | July 18} July 21 | July 23 3 3 5 
AO ese ee ale oe me soe = 4 12 | July 20} July 22 | July 26 2 5 6 
OSG eee Se Be eRe oS ae 2 11 | July 23} July 24 | July 28 1 5 5 
AV CLAOle Se estce tee Se tos chi e Nish se oa Se cet a eee ee | 2.8 3.6 5.4 


—— + : ——$—$——<—<$<—<——<———————— 
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GRAPE-BERRY MOTH IN NORTHERN OHIO. tals 
PLACE OF OVIPOSITION ON THE VINE. 


It was found that a vine of the Clinton variety set in a row of 
Concords was heavily oviposited upon before the Concord berries 
were formed. For use in the spacing of spray nozzles for the set- 
nozzle method of spraying, the place of oviposition on the vine 
seemed important. The place of oviposition on this one vine by 
the spring brood of moths was recorded and the data are presented 
in Table XIV. The vine was trained according to the fan system 
of grape training which is generally used for all varieties in the north- 
ern Ohio sections. In the fan system the vine growth which is 
trained to an upright trellis is annually renewed to within a short 
distance of the ground. The vines are cut back usually to from 2 to 
4 canes and as many spurs each year; the canes are spread out and 
tied to the trellis obliquely, giving the shape of a fan. 


TaBLeE XIV.—Place of oviposition on vine by spring moths of the grape-berry moth 
under natural conditions in vineyard, Venice, Ohio, 1917. 


Percentage of— 
Num- Num- 
= : Di Bee ber ee ber - 
ace on vine. er of | grapes er eggs epo- 

tances. clusters.| bearing] eggs. per sition Clustets 

eggs. cluster.| in this aa 

space. | 5Pace- 

Inches 

Between ground and first wire..............-- 21 15 82 107 7 17 BBB) 
Between first and second wire.-............-.- 21-33 23 260 333 15 53 51.1 
Between second and third wire............... 33-49 7 124 190 29. 30 1525 
ANG Fad be eve IA a AGE es LY Pe a oe a Ea 45 466 630F | eseaae 100 100.0 


The figures in Table XIV agree with the usual observation that 
the clusters near the ground are less heavily infested than those 
higher up on the vines. Thirty per cent of the deposition occurred 
between the middle wire and top wire, whereas but 15 per cent of 
the clusters were in that space. These figures likewise agree with 
field observations in that the heavy infestation is generally where 
the clusters are well covered with foliage, a condition which prevails 
near the top of the trellis. 

In Table XV are presented records of the length of the incubation 
period of eggs of the first brood. The average number of days 
required for incubation was 4.39, the maximum 8 days, and the 
minimum 3 days. These figures include both insectary material and 
eggs collected in the vineyard when the date of deposition was known. 
In obtaining the eggs from the vineyards all eggs were removed from 
the vines each day. 
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FIRST GENERATION. 


INCUBATION PERIOD OF FIRST-BROOD EGGS. 


TaBLe XV.—Incubation period of first-brood eggs of the grape-berry moth, Sandusky, 


10, 1917. 

Date of | Numbe ee 

Sey ate o umber on 

BS TUE SGT hatching.| oflarve.| period 
ce days). 
UUBRUG: 20 ps ares BOR ee ee OU ok SAE ie Tae ee es ME ae June 28 4) t 
se a I nd OS ee ie Ss al ret ee Re et July 4 28 | 4 
ey ee enn SABE a eee Se See SS men ec eee ee ee July 5 18 | 5 
Ce ae Sia apn a a oa we meg ae eo IS ea ih oe eae July 6 8 6 
pete See Ese 32 a ae SE Se ere he Scenes (ae Se eee ee July 8 1| 8 
Detbyi s 8 ee oe te Sas Sh ae eo re a ee ere July 5 24 | 4 
=e Seon See egos fees See ase ee See ee ee sce ee eee see July 6 6 | 5 
WD ese oh oe Sot Ba oe Sa eo nae wee set Rear ee oe | July 7 ye 6 
BS ae aS os ie Saas Bs ne Seat 2 Se TE ee Se ee July 6 18 | 4 
| 1 ane a eee ee ae See ene Nia SOR Te. Sa July 7 2 5 
Rae See Se ge NS OP See ee eet eee July 24 | 1 | 3 
77d Ap lt a OE AS Se aE Ger AEE Nec Pe, ne fo 2. a July 25 2 3 
Dees Ee OEE eg? ee rt Se Le a ee ee | July 26 | 1| 3 
epee E Retiatee. A" So 32 ESE. BOS Oe le tae eee July 28 ie 5 
i Bits CTY Snel De ene MOP SES HIRE Cay ey ee SEL | July 28 2 4 
Dg OS Ie AS Pe ee oe a ENR aN ee RCE CE eee Fuly 30 a | 6 
AY SR a a eet ee ee July 29 2 | 3 
FP Ny RR SPs MEN pe RDC. SO a Tag LN lt Be Ua WO le July 30 3 4 
Ge AE Tk aap ie Oe eet a eee ein eee Far Re Ta eee Bey a July 30 27 4 
7 (at aR A Wes GA eaNCeenens Dreier <a Mets eee ere im ha. tee Oak er 2 July 31 il 4 
1 1) £7 | ee ae ee ees een tie Mees” AeA eee ta Pea i wee a Ze les ate 165.2 ee 


Average length ofincubation period, 4.39 days. 
Maximum length of incubation period, 8 days. 2 
Minimum length of incubation period, 3 days. 


LENGTH OF FEEDING PERIOD OF FiRST-BROOD LARV. 


Records from the date of hatching until date of leaving fruit were 
secured on 70 larve in the insectary. 


TABLE XV1.—Lenygth of feeding period of 70 first-brood laruz of the grape-berry moth in 
grapes in rearing jars in the insectary, Sandusky, Ohio, 1917. 


| II | 
F Feed- 
x Larve | Larve | Feeding Larve | Larve . 
Numberoflarve. | patched. | left fruit.| period. || NUmberoflarve. | p> ¢ched. | left fruit. pose 
| 
| | 
Days. | Days 
Te SET st = eS eae July 3 | July 21 TS 22 eo Se Sa eae | July 5) July 25 
De: athe ROR ole Rae ie do: July 25 ONES. ate cu es Re ees | July 28 23 
12 Reh an ae a eRe a -do....-| July 26 Ay 'l | WCE re piles ae Rete ge ee July 5) July 29 24 
[ie pies Rr lee pier ot 2605222 July 29 7 | bel pe ee el oN O22 July 31 26 
See as Pa Ao Oe do__--: July 30 pt fi) | OY seals Beet en ae eS do..-..| Aug. 1 27 
3 Sale ee See ae dois... Aug. 5 Se] | ed Sem ee eden ll (eS da-=:- | Aug. 2 28 
Ph tos ae ieee 2 las ees July 4/| July 19 a Be | pe eats. oe OE eee eet =.d0..-==) Auge 6 32 
eee eo eaten. OS | Edoe July 21 WE Wide tee Ss ae ee July 6: July 22 16 
7 ee ne -_-dez=== July 22 BS Ih GS ee ee eee ces ee aden -- July 23 17 
O53: ee as ee eee 1 -!do-2<. | July 23 DS | (a a a ean eee cl Baa do....-| July 26 20 
Dee [edocs 2.2 July 24 Del eae 2. eR ee toe .-do.....| July 27 | 21 
1 ate 6a ee E-dore July 27 PE | fs Peepers eee Oe -do.....| July 30 24 
Lee ee Po ee eee do July 28 2 Sh | (Le ee ee a Se I ve 2 2do-2==2 | July 31 25 
tS oe ea ea 0.222% July 29 P25 Ha | Ad Were ln SU ee 2200: 2-2 Aug. 1 26 
eS doz: Aus. 5 32 Pee eee 5 O26 AUS ee 27 
ieee area ee es July 5] July 19 a | (TE ioe Ea are aca BAPO (see Aug. 12 37 
1b AS ras do.....| July 20 1G | Bs fos eee ee ee SS Jaly 7 | July 21 14 
Brae es eth nee ae eee do.....| July 21 1G Pe er ale ae | July 25 18 
(Bou CEE Eee do..-..| July 22 17 || — 
Sc ee a ae eee do July 23 18 || 75 
7 Me Np Oe a do---- July 24 19 |} 
1} 


Average days, 20.62. 
Maximum days, 37. 
Minimum days, 14. 


a 
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The average length of the feeding period is seen to be 20.62 days, 
the maximum 37 days, and the minimum 14 days. The records 
extended throughout the regular hatching period, and therefore 
reflect vineyard conditions closely. 


LENGTH OF THE PREPUPAL PERIOD OF FIRST-BROOD INDIVIDUALS. 


In Table XVII are given the dates of cocooning and the length of 
the period from the time of spinning the cocoon until pupation for 
individuals some of which were supplied with sprayed foliage and 
others with unsprayed foliage. 


Taste XVII.—Time of cocooning and length of prepupal period of 231 individuals of 
the first brood of the grape-berry moth, Sandusky, Ohio, 1917. 


Foliage unsprayed: Narehen ee 
Dates of cocooning— cocoons. 
TANUNSAV SI OSU ON A oe aoe NES ye ROM Ts LI MONE NOSE ee ye Se Ae Mines 50 
PANTTEUIGS fd wee aed ee an an sn Rea tn Ba Cy a ee at 22 ee SNM Ae a 50 
JNU CETUI GI 55 SERCO LE GAR GEE See ce Utd 5 ie tea eo Cote Marae emma he We mas | 50 
PANUEOTUIS Li mrp ne eee eae cote nana eye edb AN ce a pen ee See ae 39 
IAT NERDS Bath 0 Bee a, AT A CAR cr eR TU eR a eh 34 
Foliage sprayed: 
A NSD UIST FSD ee sees ed Sle ot ae aT ie re eR tl TA GIR SP Tgp LoS 40 
PANT ETULS GRO mete eo i The NOMEN Gc Wagat et ae Sy RN Ty ACES CR CRE 2 a 24 
Dates of pupation. Number of pup by days. 
BANG] SpA nee ee eee eo Sis Aire Wena ee eter mae aay Pheu ONE BS Lids wiatccets |ecciei Stata ae rs ee tea Tk a ae Soe 
fs TN aS Ee espe RD, We RA IM AE ae ate 2 TEE alo RS TOI ites | ae 
Gre grass te Saris ere eae ere nia taie sie ere Siac rere seats 3 28 EL i eee Ss | Se a 
CBE BB Sto SO CCC B EE COREE EE ieee TNA Ole aaa pe ieee et ae u TS ASSee eee sc) [sic ees = |e 
Re SETS NS OS SSeS CAE ESRC NS rr Ra |e 1 Pel eS Seer QF | ae ee 
ede Sa trsarteei= eae ates ee ae ye se reeset eens ae ee cme eyse ail eimreeters 14 1 1 et eer 
LEP ayaa sie osm asain ota rains 2 eerie Seance erasaia wile ate slareie einer eee ale hail ae oie niall etrers ete 1 18 a 2 
11 Esco Bie SSE IONE hc PPO RO CY RE PCIE rege cl SEO Np ones mat i RSIS ea an pedal Pain 1B eee 5 
We ete eran an ae ee wists etic ison See eine eee eisiee es ae sien ice ole icl= ota: lfalecwiaials [Inte oa syal|eisie aoe Siaratners 3 6 
1G sens 56 Sab oes OeBTSUACSB5G0 BSA OC EOE a SAB Oe SO SaB SAAB OT CH Geen Ss Saetos Sesh Seeerel secocucl Aenees 1 
Motalnumber/otpupwese-sasn-2se o-oo eee cece: | 46 42 40 36 30 23 14 
Mead cocoons ss2sase. oss oe ee eee eee nae ene nae | 4 8 10 3 Ae Wiese li7 10 


TasLte XVIII.—Summary of Table XVII. Length of prepupal period of 231 indi- 
viduals of the first brood of the grape-berry moth, Sandusky, ite Oe 


Number individuals. 


Prepupal 
Al Cocooned period. 


py 7 
Cocooned on unsprayed| sprayed 


foliage. 


foliage. 
Days. 
67 2 1 
104 13 2 
23 12 3 
Bese a eee ee et 6 4 
AEROS OTE ARES ae ae | 4 5 
194 Yh Set eee | 
Average........ UEC 2.9 ts Tate me 
Maximum...... 3 EF us a | Lape seb et ee 
inimum...... 1 jae 2A | Sisk eae hese Aa 
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The data from Table XVII are summarized in Table XVIII. The 
average length of the prepupal period was 1.77 days, the maximum 
period 3 days, and the minimum 1 day, where unsprayed foliage was 
supplied. Where the cocoons were formed on sprayed foliage the 
average prepupal period was 2.9 days, the maximum 5 days, and 
the minimum 1 day. The spray material apparently had a repellent 
action, for in another experiment where both sprayed and unsprayed 
foliage were equally accessible to larve there were 226, or 63 per 
cent, of the total number of cocoons formed on unsprayed leaves and 
but 135, or 37 per cent, formed on sprayed leaves. Considerable 
mortality can be attributed to cocooning on sprayed leaves, since 
194 pupz were formed in 223 cocoons on unsprayed leaves, a mor- 
tality of 13 per cent as compared with the individuals that cocooned 
on sprayed leaves, where but 37 pupz were formed in 64 cocoons, 
showing a mortality of 42 per cent. 


TIME OF COCOONING OF FIRST-BROOD LARVZ. 


TaBLE XIX.—Time of cocooning of 2,447 larvx of the first brood of the grape-berry moth, 
Sandusky, Ohio, 1917. 


| Number es Number aoe 
Date of cocooning. of tenner Date of cocooning. te ie emper- 
cocoons, Stn cocoons Bees 
feegunat oe °F. 

TTA Al seo: ae Eee ae 3 | ee ee ee 51 74 
siily PO cece a eh ee 2 | (GPATIC IDs 23 eee een eee 28 | 72 
sly 2h ee ee 9 | 163) PAIS 1G. eee ee 36 | 74 
Silly oo ee en ee Ql 16a 6f-2  ee 31 | 68 
Daily pee ee ee 18 | 18 Webs dR e Ch ee a ee ees 58 | 68 
Diah yD ee ee  e e 10 | 805 Aug: 195s ee eee ee 35 | 73 
Silly 25 eee er 31 (84 Ae 20 oo ee ee 58 | 78 
Sauty: Dee ee a ies 44 SO: Age Dts ie ee ees 33 | 73 
UEP fr (ie 2s. a ge apie le 55 | 165) OAS 2 Se oe ee See eee 33 | 72 
Daly Ree eee re See 73 721 Ang 5 er 30 | 72 
ty Or ee ee 54 ia Aries a eee ee ee Z1 66 
Saly SOr er er ee et 128 |} Ye GY NG Cai ee err ee 8 60 
Pitty hie eer ee ee a 170 | SS Ae Delos i eee go) 62 
ACP TEN be Rr se ee ee 129 | SS CAIs Dio oo ee eee eee 17 | 73 
WA; | ep Jaca cane ea eee Taos ae 142 | 74) AME O 2 eee ee eee 5 | 68 
Ny (a ie ee OA wee a, 230 | TAN ANDES DOES ce cn 8 ewe eee! 5 | 62 
Age - AS Fst eee 117 | G8 cAges 30. <2 a2. o eee ij 64 
TNT) SUT eas Sy ee ey oe Se 112 SO |) Aug 38 2s: eee 6} 64 
BPA TASES Op oss aye ee, eee peal 131 10-1) De pba tc 5) eee eee 4) 7a 
1 Taiy A ele RE lee = 158 4631] Sept 2226 FS eee ae 8 | 62 
LATTE See ee eS poh e Mae iil 1D | SCDE sss eee eee 1 67 
ATES Oe Bee ee te nee 26 | 66; {| Nepb 6. 2% ae 8 ee i 66 
ATS OSs ee ae eee ot 665]] SDE basco oe nee eee i] 62 
Aga rae a ge ee oe ee 37 68 = 
LNT fel DAR aS aCe ees Sara 62 71 Tol: 32 52a ee eee 2, 448 [a2 eee ee 
SET PRN Fs a ot eee earn gee ee ee 45 74 


In Table XIX are given the complete records of cocooning for the 
first-brood larve. Cocooning began on July 19 and continued until 
September 8 with a distinctly high period from July 30 until August 8. 
The correlation with temperature is of interest, showing that as the 
mean temperature dropped below 70° F. there was a drop in the rate _ 
of cocooning. 


GRAPE-BERRY MOTH IN NORTHERN OHIO. 


LENGTH OF PUPAL STAGE OF FIRST-BROOD PUP. 


TABLE X X.—Time of cocooning and length of pupal stage of 90 individuals of the first- 
brood pupex of the grape-berry moth, Sandusky, Ohio, 1917. 


UNSPRAYED FOLIAGE FOR COCOONING. 


As) 


Number of larva. Date of Days in pupal stage. 
Date of pupation. moth 

3 9 6) Total. gence. 3 fe) fe) 
SB SaR ase Bl Sarees 3 | Aug. 4 Aug. 16 0 “iD S| Sis forera ie oe 
ee Ais | eer eee ANA E9s SNC Oo tis cients eers || ANU Gaol Bice noah 1A ae ee 
2 TE lesa eee Goes Qa WANS ers ses Sein eae |e CMesce 13 S| ee aa pees ce 
3 Shi ess Oe dD Seats COs Ge Ga asu ces Aug. 19 14 Ic Hes Fee ae oe 
1 ON eae ware 37 eA Le ascseyee rier Aug. 21 14 [4] sare eee 
ee eee TS Saas Bees ile Pe SC Oars seocersl| PU ae an |e eeereyee ore i yin Sir Dee 
a ert 1 I ee ee LL carats COM As acieee ceeratarct cll PACU Dail tame ty eee ceo be CG Wana eo ee 
Bese Fe 2 1 3| Aug. 8. INDY OV WE pe Me Dae 12 12 
1 SH Rete Soeees OHSAS eG One tree ar op yas Aug. 21 13 Ep Syl pa aa nc see ae 
fp Se ele le Reece LTE eats XO KO) eters neers acess eee UD Kean a Ne ee 14S Reese 
{got daoaee 4 1 5) || UNTE, Qo eco sceercods]| AMUSS Ml ooo coceced 12 12 
1 Dil ase 33 See GOMER are asses Aug. 22 13 I Sa Ne ee te 
et to i eye eee er ON PARTE el Oa ae eens SS OMe A aa ae eae PDiatple rns aa Pies oe 
2 fe eee eee et UP eens GOnt ese ae Aug. 23 13 aE es ee Bie 
Da eae Dil ase teeny ye Das ey OK er eiey eco paes eter el Merah Peseta Gia a east eat ASE Sees 
PR ates OBS 18 aceeeelee a ae Nel eeASTD eer A pe eyes Stanere aves UAT OAD QUE es Se eae 13 Ui bade aes: 
oe 1 Lester Oil eee ees a Bs S55 GOs INDIR OB caeaoades Dial erate ees ieee 
Be ed TU is See rt ila Saeco UNTER GOTE ae ae eae LGr ease ee es 
10 59 2. | 71 ISIS, wheel sone cases 1304 sen 12 

| 
SPRAYED FOLIAGE FOR COCOONING. 

Number of larve>. Date of Days in pupal stage. 

Date of pupation. moth : 

a fe) 6) Total. gence. 3 Q 6) 
3 Expect Sets lesa pects ei 2 IAN ORES iscsi bcuseae | PAN Omi ly ee re aya Speier osc 
Se eee i Ube sere 11s ete C0 KO) eter eam yeas cel nals io eangs 04?) | (area ecb Se Hi ba Hee Rane se 
peepee’ Ee SH eeu Ns BE VAN oO Re screwy rete ee ANT 23 tiene SU Sa TAs eaters 
SERCHES Sag Dials pease: Dye BNSC O ey io eae or ers ere | ACUI raat 2 Ain gece eas 15 one ne 
ete et SLR eee pete eee MLC Rel Oy rere erates oral AANCUT Disicople |e ee 16s | eee eee 
ae oe ae 1 1 Diy SAN SAyil Opcrse See tare ctl SAAR Dou] wna 13 13 
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LS eesneee 19) ee ere iPM PAT Sco Mlegee ee eae vy ee MAY OLD Shale che sae, 1D ere eee 
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Baer eh TLC eae aie Ley eereva Omer soe ects eecera le Ue OOM enteral TSU eessertbe 
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In Table XX the length of the pupal stage of 90 individuals is 
given. The average length of the stage was 13.4 days for males and 


13.11 for females, all on unsprayed fohage. 


On sprayed foliage the 


average length of the period was 16 days for males and 15 for females. 


LENGTH OF TIME 


SPENT IN 


THE COCOON 
INDIVIDUALS. 


BY FIRST-BROOD 


The average length of time in the cocoon on unsprayed foliage is 
shown in Table X XI to be 15.52 days for males with 32 days as the 
maximum period and 9 days as the minimum. For females on un- 
sprayed foliage 14.62 days was the average period, 32 days the 
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maximum, and 6 the minimum. On sprayed foliage males were in 
the cocoons 16.82 days as the average with 20 days as the maximum 
and 16 days the minimum period. Females were in the cocoons an 
average of 17.06 days with 27 days as the maximum and 13 days the 
minimum. 


TasLte XXI.—Length of time in cocoon of 1.818 «ndividuals of the first brood of the 
grape-berry moth, Sandusky, Ohio, 1917. 


Number of days in cocoon. 


Sex of moths. | aoe 

Average. Maximum. | Minimum. 
Melee eee en SS Soe oa ela ht ee eee 296 | 15.52 | 32 | 9 
Siertnbs eee ae he Zk CE a ge eee 1,003 14. 62 32 | 6 
ndeveaninend! 22 ae a= tS ee ee ee ee 25 14.32 20 9 
Pr EN ES ots ee Neen ei ese ate AR 2 | aoa] 14.781 32 | 6 

Cocooned on sprayed foliage 
INU sg Cos) Se ed ee oa ee Oe ee Re 20 16 
MEIGS Ss ne ee a ee 2 Bee Se Pe ee 27 13 

aes = 

Bp en ee ee ee ee ee 27 | (13 


TIME OF EMERGENCE OF FIRST-BROOD MOTHS. 


TaBLeE XXII.—Time of emergence and sex of the first-brood moths of the grape-berry 
moth, Sandusky. Ohio, 1917. 


= - 
Number of moths. | Number oimoths.  _ 
Date ofemer- | ‘ | Date of emer- 
gence. gence. | 
eee ° 6 Total. | 3 92-4 =6 | Total 
a i i i 
July 29.....-..-- | 0 | 1 0 if Aue: 265-88 8 42 0 50 
= eee ees 0 | 1 0 1]! 7 See 12 50 3 65 
| eee a 6 1 8 | 7 ee es 7 45 i Seas 
Avie. 4S =e 2 3 i 8 || 72 pe ree | 0 34 9 3 
Pgs ot Aen 4 | 4 i 9 || = | Seana eid 14 | 23 0 | 37 
= ease ee 0 3 1 | 4 |i ={ Rae! 4 | 27 i 32 
eee 1 12 0) 13 liSent, aes S27 5 31 1 37 
tess a 4} S) 0 12 || SS: 2 27 1 30 
Gite eee i] 16 | 0 17 || bee 10 | B 0 33 
je ee 7 | 20 | 0 27 || See 0 | 6 0 6 
ae ee 4} 33 3 40 || eee oe | 5 | 3 0 iS 
eee ey 0 | 5 0 5 || G3) See 4 | 20 2 26 
[| eee eee 2 | 25 | 1 28 || (fete see i| 5 0 6 
A eae Se 7] 26 | 0 33 || eee 1} 8 0 9 
ig aes | On gree a Sea ede 0 18 
rE eee Daal 2 | 14 | 0 16 | ines ee 1| 7 0 8 
fae See 20 | 66 | 0 86 || 1 ee 0 2 0 2 
"ieee coma ) os te 1 130 | if eee se 1 3 0 4 
1G he QA} 128 | g 160 | (epee a BESS | 2 2 0 4 
ayer i aS 54 | re pee De fey bee 0 1 
1 a 21 | 85 | 0 | 106 |) | ee ea / 1 | 2} 0| 3 
ig 19 49 | 4 72 || sf (ee Se a 0 | 1 0 1 
a | 6 | 55 | 1 62 |} Fe len 1 4 0 5 
7 inet en 23 105 | 2 130 195 ees 0 | 1 0 1 
ae mage 19| 61} 0 £0 | | eee 1 2 0 | 3 
as eee 13) 66 | 4 83 PU ADEN S oot 2 0 0 | 2 
7 ho ee 9) 44 | 1 54 Der Fs Ra 0 1 0 | i 
ae 5 | 27 | 0 32 
Total 5S 316] 1,412 41| 1,76 
il i 


First-brood moths began to emerge on July 29 and emergence 
continued until September 22. It will be seen in figure 2 that the 
emergence was high for the entire period of August 12 to 28, varying 
with the mean daily temperature. It is also shown that the emergence 
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of the first-brood moths began before the spring brood emergence 
ended. This means that moths were emerging practically from 
erape bloom until grape harvest; the majority of all emergence, 
however, occurred in two well-defined periods, as shown graphically 
in figure 2. 


PROPORTION OF SEXES OF FIRST-BROOD MOTHS. 


TaBLE XXIII.—Proportion of sexes of first-brood moths of the grape-berry moth, 
Sandusky, Ohio, 1917. 


Percent- 
: Number 

Sex of moths. age of 

ofmoths. sexes! 
WEN ymin Sechelt: RE daca Tah SE LEI rae hoe ES bas ARO Aes SRR TREO Meee eee RO 316 18. 28 
JHGTIR All CBee eee Me oes SOS Nn Sey enue ta abaya 5 aa MeyOlnit aey dey Ress Ne epee <7 WSS Sane ae = eg e 1,412 81.72 
UNG ShOLTIITIC ME Ha see pe eres sae eh eet ee See Gel a gene MAEM re ky Death od SN ea a cali 74 al ue ese 
FINO Gat lesen tite ee eek cet Bari ee nh core mage Met Lon. er ge acne Cae lat LIE! ny Ne kre ola 1,769 100. 00 


The high percentage of female moths helps further to explain the 
occurrence of a large second brood of larve. 


LIFE CYCLE OF THE FIRST GENERATION. 
TABLE XXIV.—Life cycle of the first generation of the grape-berry moth as determined 


from observations on the separate stages; summaries from the previous tables, Sandusky, 
Ohio, 1917. 


Days of duration of stage. 


Summary Number 
from Table Stage. of indi- s ee 
No— a viduals. | 4 erage. Hest Lee 

EXGVA Hg pistapem answer ayer nonths wy wa Lot Sang. Sank oe, 165 4.39 8 3 

XVI | Length of feeding period of larve.................. | 70 20. 62 37 14 
ant \Making of cocoon and pupal stage..........-.--..- | 1,254 14.78 32 6 

| 
Motaliliteicyelet: ote ea ee coer planers | ae 39. 79 77 23 


The life cycle as here presented is seen to average 39.79 days with 
77 days as the total of the maximums and 23 days as the total of the 
minimums. To the average of 39.79 should be added the period 
between moth emergence and oviposition, which is usually 3 days, 
thus making the total life cycle 42.79 days. 


SECOND GENERATION. 
INCUBATION PERIOD OF SECOND-BROOD EGGS. 


One record only was secured concerning the incubation period of 
second-brood eggs, and that late in the season when the temperature 
was comparatively low. Twenty-two eggs were deposited on Sep- 
tember 1, the black spot was evident on September 9, and the eggs 
hatched September 11, 10 days after oviposition. 

7678°—20——3 
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TIME OF COCOONING OF SECOND-BROOD LARV. 


The dates on which larve were leaving the grapes and spinning 


cocoons are shown in detail in Table XXYV. 


TABLE XXV.—Time of cocooning and number of cocoons of the second brood of the 
grape-berry moth, Sandusky, Ohio, 1917. 


Date of cocooning. 
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Taste XXV.—Time of cocooning and number of cocoons of the second brood of the 
grape-berry moth, Sandusky, Ohio, 1917—Continued. 
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Dates of collection of larve. 
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TaBLeE XXV.—Time of cocooning and number of cocoons of the second brood of the 
grape-berry moth, Sandusky, Ohio, 1917—Continued. 


Date of cocooning. 


Dates of collection oflarve. 
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TABLE XXV.—Time of cocooning and number of cocoons of the second brood of the 
grape-berry moth, Sandusky, Ohio, 1917—Continued. 


Dates of collection of larvee. 
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TaBLE XXV.—Time of cocooning and number of cocoons of the second brood of the 
grape-berry moth, Sandusky, Ohio, 1917—Continued. 
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PERCENTAGE OF COCOONING PREVIOUS TO AND DURING GRAPE 
HARVEST. 


Table XXVI shows the time of cocooning of the larve that left 
the fruit in the fall of 1917. This does not necessarily indicate, 
however, that all the larvez left the fruit before the end of grape 
harvest, for observation showed that a considerable part of the 
second brood of larve were only partially grown at the time of harvest 
and that large numbers of larve actually left the vineyards in the 
fruit. No accurate method of determiming what part of the total 
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number of larve were thus removed occurred to the writer, but an 
estimate of one-third would be conservative. This had a decided 
influence on the number of overwintering pups and subsequent 
infestation in 1918. 


TABLE XX VI.—Percentage of cocooning previous to and during grape harvest, Sandusky, 
Ohio, 1917. 


Number | Percent- 
Time. Date. of age of 
cocoons. total. 


Previous to beginning of Concord harvest................-.----- MoO ct Sses--e eee 1,291 55. 91 
Marine Con cordsharviest) sacs ccc ccc sce niqcece ce esseae eae se OCUNS{ Ss eee ena 653 28. 28 
Previous: toend of-Concord harvests. 3 <--<2- 22-2 2-0 ee 2-1 Mot OCteRS eters st 1,944 84.19 
Previous to beginning of Catawba harvest..........-..--..--..- MOO cts 22eeeeee ee 2,174 94.16 
Previous to end of Catawba harvest.............--.----------+-- ORNOVE LO sees ees 2,309 100. 00 
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Fic. 3.—Diagram showing summary of the life-history data for 1917 of the grape-berry moth. Solid lines 
indicate actual records and dotted lines indicate occurrence of stages as observed in the field and com- 
puted from the average length of period. ‘ 


SUMMARY OF SEASONAL-HISTORY STUDIES IN 1917. 


A summary of the data presented in the preceding tables is shown 
graphically in figure 3. 

It should be kept in mind in applying this diagram to future 
seasons that the season of 1917 was later than the average for northern 
Ohio and’ was unseasonably wet and cold throughout the fall. 
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SEASONAL-HISTORY STUDIES. 1918. 
SPRING BROOD. 
TIME OF EMERGENCE AND SEX OF MOTHS OF THE SPRING BROOD. 


Table X XVII shows the dates of emergence of spring-brood moths 
and the number of each sex that emerged each day. 


Tapre XXVII.—Time of emergence and sex of moths of the spring brood of the grape- 
berry moth, Sandusky, Ohio, 1918. 


Number of moths. | N : 
Dato e m Mean | Date of umber of moths | Mean 
SS —eQQQLL daily } emer- | le daily 
ence temper- || ¢ Tce zs temper- 
pees: o oa 3 Total. | ature. | & oe | Ps 2 Q Total. | ature. 
| | 
| | | | | 
| | } 
May 22 1 it | Wea ey ogi teers 1 74 June 17 8 26. [Sse 34 | 70 
25 1 oe tear eae 4 | 72, | 18 3 11 Peewee | 19 | 65 
26 0 | 2 | 2 4 | 78 | 19 | 2 6 | 1 | 9 | 66 
27 0| 4 1 5 78 | 20 | 1 | is ees 7 | 61 
28 1 el Bee ees 3 66 | 21 | 2 | rag See | 16 | 70 
29 4 NN See 13 64 O5ch soe oe pt! Seedieese| 12 62 
30 3 11 | 2 16 72 24 1 135 1 | 15 66 
31 2 6 | 2 10 78 25 4 106222523 14 66 
June 1 12 21 | 3 36 81 | IG at 11 | 1 12 66 
2 12 17 7 36 75 | 27 1 | 7 1 9 76 
3 14 26 2 42 68 28 2 2 12 74 
4 6 17 2 25 74 29 3 (oe Seer 16 74 
5 9 90 | see See 29 67 567 | ete rod Bit, See Ss 8 75 
6 12 22 2 36 | 73 | Fulyscst see Fi eee 4 62 
7 4 (Ey. Seen 21 | 66 kl eae et es ne ess 1 62 
8 5 Ae Ba eee 1 64 || oy eae eee 2 | i 3 72 
9 10 25 1 36 69 4 1 2 2 5 73 
10 10 Za pee, 30 66 st ses aa op Sie woes 2 76 
il 5 6 | i 12 | 70 gee os 2 i 3 72 
12 7 30 1 38 | 72 (ree 15 Stes 4 63 
13 2 Dy Meee ae. 14 | 62 qs he See ee 1 64 
14 6 22 1 29 66 (Dal it eee eee 1 66 
15 3 | Bee Soe li 64 
16 4 7 i 12 72 || Total 161 482 | 38 681 
| 


The early opening of the season hastened the grape growth and 
moth emergence was correspondingly early. The first emergence 
took place on May 22 and emergence in considerable numbers began 
on June 1. A rather high rate of emergence prevailed for about a 
two-week period and then gradually subsided. (Fig. 4.) 


PROPORTION OF SEXES OF MOTHS OF THE SPRING BROOD. 


TaBLeE XXVIII.—Proportion of sexes of moths of spring brood of the grape-berry moth, 
Sandusky, Ohio, 1918. 
| 
Percent- 


a Number 
Sex of moths. age of 
ofmoths. 3 = ae 
IER Open oe SB ct SP a eee a pee en eo | 161 25. 04 
ROIS G2 $8 ne ee ee ee ee re ee ee 482 74. 96 
eirvdetermmned =. 26. 5 fo, 8S ee re eee ee ee eee 384i ee 
UN SD ek SR eee eee OO ae ee ee OMe eS neg «ce ee ee ye fe 681 100. 00 


The proportions as shown in Table XXVIII are comparable with 
the figures in Table XI on the spring brood of moths in 1917. It 
appears that the preponderance of females is the usual condition. 
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PERCENTAGE OF EMERGENCE OF SPRING MOTHS. 


The overwintering material was collected and kept under the same 
conditions as that of the previous winter. The percentage of emer- 
gence was slightly higher but still indicating a high rate of mortality. 


TaBLE XXIX.—Percentage of emergence of spring moths of the grape-berry moth, San- 
dusky, Ohio, 1918. 


Number | Number 
Source of material. ofco- | of moths 
coons. | emerged. 
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Fic. 4.—Diagram showing emergence of spring brood of moths of the grape-berry moth at Sandusky, Ohio, 
1918. 


The winter of 1917-18 was the most severe of 47 years on record 
at the Sandusky station of the United States Weather Bureau, and 
included intensely cold periods with little covering. This is of 
importance in connection with the foregoing records, for it must be 
concluded that the~ grape-berry moth pup are very resistant to 
severe winter conditions. 
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FIRST GENERATION. 


TIME OF COCOONING AND LENGTH OF TIME IN THE COCOON OF FIRST- 


BROOD INDIVIDUALS. 
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TABLE XXX.—Time of cocooning and length of time in cocoon of the first brood of 
the grape-berry moth, Sandusky, Ohio, 1918. 
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Average days, 12.9. 
Maximum days, ik): 
Minimum days, 10. 


Tt is seen in Table XXX that first-brood larve began to leave the 


fruit July 7 and continued to leave until August 23. 
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not show as well defined a high period as usually exists; the com- 
parative dearth of rearing material is thought to account for this 


condition. 
TIME OF EMERGENCE AND SEX OF FIRST-BROOD MOTHS. 


The dates of emergence and number of moths are shown in Table 
XX XI and in graph in figure 5. Attention is directed to the rise in 
emergence on August 4 and 5 and then the sudden drop without 
another high point until August 20. The writer accounts for this, 
partly by a comparable drop in the cocooning in the period previous 
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Fic. 5.—Diagram showing dates of emergence and number of moths of the grape-berry moth at Sandusky, 
Ohio, 1918. 


and partly by an actual killing of the pupex by excessive heat that 
prevailed on August 5 to 8. On August 5 the official Weather Bureau 
records showed a maximum temperature of 94° F., on the 6th 105° 
on the 7th 100°, and on the 8th 97°. When emergence dropped 
off suddenly on August 6 and 7 examination of the pupe then about 
to transform to moths showed. considerable mortality. [Extensive 
records could not be taken without destroying the material that 
was to serve for further life-history studies. 
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TABLE XX XI.—Time of emergence and sex of first-brood moths of the grape-berry moth, 
Sandusky, Ohio, 1918. 
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PROPORTION OF SEXES OF FIRST-BROOD MOTHS. 


TABLE XX XII.—Proportion of sexes of first-brood moths of the grape-berry moth, 
Sandusky, Ohio, 1918. 


Number | Percent- 

Sex of moth. of age of 

moths. sexes. 
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The proportion of sexes as shown in Table XXXII maintains the 
preponderance of females that has been shown in previous tables. 


OVIPOSITION BY FIRST-BROOD MOTHS. 


A single record of oviposition and incubation was secured. In ajar 
containing 14 male moths and 12 female moths, all of which emerged 
on August 22, 5 eggs were deposited on August 26 and hatched on 
September 2. The period from emergence to oviposition was there- 
fore 4 days and the incubation period 7 days. 


NUMBER OF TRANSFORMING AND OVERWINTERING INDIVIDUALS 
OF FIRST BROOD. 
In Table XXXIIT are presented the data on the overwintering 
first-brood individuals. 
It will be seen that the first larva to hibernate left the fruit on 
August 2 and that the number gradually increased as the season 
progressed. 
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Tape XXXIII.—Number of transforming and overwintering individuals of the first 


brood of the grape-berry moth, Sandusky, Ohio, 1918. 
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TasBLe XXXIV.—Summary of Table X X X ITI, showing number and percentage of first 
brood individuals of the grape-berry moth that transform. 
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Table XXXIV summarizes the data in Table XX XIII and shows 
that but 5.9 per cent of all the recorded larve hibernated, that 58.5 
per cent emerged as moths the same season, that 1.4 per cent of the 
larvee were parasitized when collected; and that 34.1 per cent of all died. 


SECOND BROOD. 


TIME OF COCOONING OF SECOND-BROOD LARVA. 


Table XX XV presents the cocooning data in detail. 
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TaBLE XXXV.—Time of cocooning and number of cocoons of the grape-berry moth, 
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Cocooning began as early as August 15 and continued until 
October 31. 


PERCENTAGE OF COCOONING PREVIOUS TO AND DURING GRAPE 
HARVEST. 


TaBLE XXX VI.—Percentage of ¢ ae bape previous to and during grape harvest, San- 
dusky, Ohio, 1918. 


Number | Percent- 


Time. Date. ) age of 
cocoons. |_ total. 
[casei Se eee Se 

Previous to beginning of Concord harvest---.........----------- To Sept. 20 343 40.73 
Tae CO GNCONG MAT VESES o-oo eee oe een eae eee Sept. "50 -Oct. 10.. 342 40. 62 
Previous to end of Concord harvest --..--.------.....-.--------2- To OCs = 685 81.35 
Previous to beginning of Catawba harvest. -.--.........--------- EO Oct S225 670 79. 57 
Previous to end of Catawba harvest....-.:.....-.--------------- LOG Bo ees see 821 97.50 
2.50 
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The data in Table XXXV are summarized in Table XXXVI and 
emphasize similar records for the seasons of 1916 and 1917. From 
these records of three seasons involving a large quantity of larve 
regularly collected it must be concluded that a very large part of the 
second-brood larve leave the fruit previous to and during the early 
part of grape harvest. 


MISCELLANEOUS RECORDS. 


In the course of the life-history studies some observations were 
made that have a bearing on the habits of the insect and the develop- 
ment of the different stages. 

ADULT. 

The pupe formed in the fall of 1916, from which moths emerged in 
the spring of 1917, were kept through the spring emergence period of 
1918 to determine if any pupe lived over and emerged the second 
spring.. No moths emerged from this material the second year. 

In an effort to approach natural conditions for moths in confine- 
ment dilute strained honey was supplied in the rearing jars. The 
usual observation was that the moths were not attracted to the food, 
but would feed if they came in contact with it. In one case when no 
new food had been supplied for six days, upon placing water on the 
sand in the bottom of the cage two moths immediately went 14 inches 
to the water and appeared to drink of it. 

The adults seldom are seen in the vineyards during the day, and 
throughout these investigations, though the writer was in heavily 
infested vineyards almost daily, moths were rarely observed. In 
one case a moth was seen resting on a young cluster of grape buds, 
another was observed on the upper side of a grape leaf, and a third 
adult was seen in flight about the lower part of a grapevine. It 
alighted on a cane, ran into the angle of a small stub on the cane, 
and rested there, its head in the angle. 
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MATING. 


Mating was observed but once, this in the insectary on July 19, 
1917, at 2.45 p.m. The moths emerged the day previous and the 
jar contained 4 males and 10 females with a sprig from a grapevine 
bearing a grape leaf and cluster. The moths were on the bottom of 
the jar, not mounted, but with their bodies in opposite directions, the 


posterior parts touching. 
OVIPOSITION. 


The following observations on oviposition were made in a heavily 
infested part of a large vineyard on June 30, 1917. Oviposition 
began about sundown or 6.30 p.m. When the moths first appeared 
they fluttered nervously about the vines, alighting seemingly at 
random, generally upon clusters, though often upon stems or leaves. 
Upon finding a cluster a moth would walk rapidly about upon a 
orape berry, covering practically the entire surface. Finally becom- 
ing quiet she would flex the abdomen until its tip touched the berry. 
During the process the abdomen twitched or shook slightly but the 
tip was at no time lifted and then replaced. The deposition of the 
ego required less than a minute’s time but was not instantaneous. 
Upon completion of the deposition of a single egg the moth usually 
flew nervously away from the cluster. The following exception 
occurred among four depositions observed. A moth alighted upon a 
erape and oviposited immediately without any preliminary inspec- 
tion and upon completion walked directly onto the next grape in the 
same cluster and repeated the operation. 

The spring brood of moths deposits a considerable percentage of 
the eggs near the attachment of the grape to the cluster, and the 
first-brood moths seem frequently to select a place on the underside 
of the cluster, away from the light. 

Repeated observation has shown that the moths discriminate 
between sprayed and unsprayed grapes as places for oviposition. 
This was most marked in one experimental vineyard in 1916. Four 
rows had been left unsprayed and the adjoining rows sprayed, with 
the exception of the side of one row next to the checks. This row was 
thoroughly sprayed from one side by the trailer method and the grape 
clusters well covered on that side. About a third of the surface of the 
clusters remained unsprayed and deposition by first-brood moths 
was apparently as heavy on this unsprayed surface as on the adjoin- 
ing check rows, whereas practically no eggs were deposited on the 
sprayed side of the same clusters. This observation led to continued 
study on the same point and it was substantiated repeatedly during 
the investigations. That eggs are deposited to some extent on the 
sprayed surface has been shown by infestation of sprayed plats. 

That early blooming varieties of grapes are more heavily infested 
than mid-season varieties has been known generally among grape 
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growers. During these investigations the writer has been led to 
believe that the moths normally prefer to deposit their eggs on the 
formed grapes rather than on the unopened buds. This was strik- 
ingly shown in the case of the Clinton vine on which oviposition 
records were taken for Table XIV. On this single Clinton vine, growing 
in a row of the Concord variety with the Ives variety close by, were 
994 grapes bearing eggs on June 29. Subsequently 630 more eggs 
were recorded on this one vine. Careful search was made on adjoining 
vines of the other varieties and not until the grapes were well formed 
could eggs be found, whereas heavy oviposition continued on the Clin- 
ton vine. Repeatedly vines of the Shrides variety, the earliest of any 
to bloom in northern Ohio, have been heavily infested with larve 
when adjoining vines of the Concord and Catawba varieties bore no 
eges and were not infested. This condition also prevailed where 
several rows of the Clinton or other early blooming varieties paralleled 
rows of the later blooming varieties. In years of heavy infestation 
it is advisable to spray the early blooming varieties earlier than the 
midseason varieties. 
EGG. 

A single observation was made on the issuance of the larva from 
the egg, on August 9, 1916. When first observed, the head of the 
larva was just through the eggshell and 24 minutes more were required 
for the larva to free itself entirely from the shell. The larva did not 
consume the empty eggshell. 

LARVA. 

Mention is often made of the habit of the first-brood larve to web 
the young grape clusters before or during bloom. In but one instance 
during three seasons has the writer seen these webbed clusters in the 
grapes of the mid-season blooming period. Webbing frequently 
occurs in the Delaware variety which is in full bloom a few days 
after the Concords and just at the time when the spring-brocd moths 
are emerging in large numbers, as shown in figures 2 and 4. This same 
condition exists with the Norton variety, which blooms very late. 

The grape-berry moth larve occasionally feed on grape leaves in 
the rearing cages even when grapes are present, and in at least one 
case a larva developed from about one-half size to maturity by feeding 
in this way. 


LARVH FEEDING ON PHYLLOXERA GALLS. 


On August 25, 1916, and again on October 2, 1917, vines of the 
Clinton variety of grape were aeons which were heavily infested 
by the leaf form of the grape phyiloxera. Examination of the 
phylloxera es showed that they had been eaten into and in some 
cases much of the gall actually consumed. On these same leaves 
with the gails were thin white silken webs containing larve which 
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closely resembled the grape-berry moth larve. <A quantity of the 
leaves were collected on August 25, 1916, and placed in battery jars 
containing no other food for the larve. The larve at the time of 
collection varied from less than half-grown to nearly mature speci- 
mens. The leaves dried out but the larve completed their feeding 
and cocooned in the leaves, a total of 79 cocoons being secured. 
Pupz from this material were identified by August Busck of the 
U.S. Bureau of Entomology as Polychrosis wteana Clem. The pupz 
were kept over winter under outdoor conditions and 12 moths emerged 
the following spring. In a single instance an empty eggshell was 
found on the under surface of the leaves close to a phylloxera gall. 
In the observation made on October 2, 1917, about 1 leaf in 5 had the 
web formed by the larve which were feeding on the galls. In no 
case could it be definitely determined whether the phylloxera in the 
galls were consumed with the gall tissue. No leaf feeding other than 
on the galls occurred with the larve under observation. 


CANNIBALISM AMONG GRAPE-BERRY MOTH LARVA. 


To determine if the larvee would be cannibalistic with a restricted 
food supply the following experiment was conducted: From field- 
collected second-brood larve, 40 between 4 and 7 mm. in length 
were taken and divided into two lots of 20 each on September 14, 1917. 
One lot was placed in a jar with 20 grapes and the other lot was 
similarly placed with but 5 grapes. Grape leaves were provided in 
both jars for pupation of the larve. On November 22 the following 
results were recorded: In the lot where 20 grapes were provided, 15 
cocoons had been formed and 2 full-grown live larve were present. 
Considerable substance remained in the grapes. Careful search for 
the other 3 individuals failed to locate them. In the lot where but 
5 grapes were supplied, 5 cocoons had been formed, 2 dead and 2 live 
larvee were present, or a total of 9 accounted for. A careful search 
was made for the head shields of the other 11 larve but they were 
not to befound. All the pulp from ail the grapes had been consumed. 
From this single experiment it appears that cannibalism exists 
among the larve when the food supply is restricted and may occur 
even with sufficient food present for all. 


LARVA NOT KILLED BY LOW TEMPERATURES. 


The resistance of grape-berry moth pupe to severe winter condi- 
tions has been noted. On October 30, 1917, a severe freeze occurred 
in northern Ohio, sufficient to freeze Concord and Catawba grapes. 
The lowest temperature recorded at the Sandusky station of the 
United States Weather Bureau on October 30 was 25° F., 26° on 
October 31 and November 1, and 28° on November 2. When 
recording the results of spraying experiments at Put-in-Bay, Ohio, 


36 BULLETIN 911, U. S. DEPARTMENT OF AGRICULTURE. 


on November 5, and at Kelleys Island, Ohio, on November 7, live 
larvee were plentiful in the grapes and no case was found where the 
larvee had been killed by the freeze. In the insectary at Sandusky 
after a minimum temperature of 23° F. had been recorded, larvz con- 
tinued to leave the grapes and spin cocoons. Live larve persisted 
in the insectary on December 3, 1917, after a minimum temperature 
of 17° F. had been recorded. 


LARVA SPINNING ITS COCOON. 


On July 9, 1916, a first-brood larva was observed making its 
cocoon. When first observed the characteristic flap had been cut 
in the leaf but was not folded. The process observed was the turning 
over and tying down of the flap. The larva began at one end and by 
rapid movements of its head from the free edge of the flap to its 
place of attachment it gradually drew the flap over, the body of the 
larva resting on the flap, and eventually inclosed in it. The entire 
process observed occupied 35 minutes. 3 


PARASITISM. 


Considering the large numbers of individuals observed during 
these investigations the total amount of parasitism was very low, 
particularly among first-brood pupe taken for the following emer- 
gence records. 

That some parasitism of first-brood pupe occurred is shown in 
Table XX XVII. 

TABLE XXXVII.—Percentage of parasitism of field collected first-brood grape- -berry 
moth pupex from Venice, Ohio, 1917. 
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SANVCTA RG So Se pe EE OE rola SR pene en Agi PE pe 16. 06 


The parasitism of field-collected pupe is seen to vary from 0 to 26 
per cent with an average of 16 per cent for pupe collected between 
July 26 and August 20. 

In a single instance, September 8, 1916, eggs of the berry moth 
were found which were parasitized to an appreciable extent. A total 
of 760 eggs were collected on 11 clusters, of which 236, or 31 per cent, 
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were parasitized. The parasite was not determined but was thought 
to be the same as recorded by Johnson and Hammar‘ at North East, 
Pa., in 1906, Trichogramma pretiosa Riley. 


SUMMARY. 


The present account of the life history of the grape-berry moth in 
northern Ohio is based upon a series of studies made in 1916, 1917, 
and 1918. 

In the course of a year the grape-berry moth in northern Ohio 
produces one full brood and a partial second, the second brood of 
larvee being much larger and more destructive than the first. 

The grape-berry moth passes the winter in the pupal stage in 
cocoons in old grape leaves under the grape trellis. Under a leaf 
blanket approximating conditions in a protected part of a vineyard 
the mortality among the pups was 80 per cent during the winter of 
1916-17 and 76 per cent during the winter of 1917-18. 

The first moths emerge in the spring about 10 days before grapes 
begin to bloom but emerge in greatest numbers during and imme- 
diately following the period of grape bloom. In 1917 but 4 per 
cent emerged previous to bloom, 50 per cent during grape bloom, 25 
per cent in the 10-day period following bloom, and the remaining 21 
per cent later in the season. Moths begin ovipositing about 4 days 
after emergence and the eggs hatch in from 3 to 10 days, with 5 days 
as the average length of the egg stage. 

The first-brood larvee feed in the young grapes for a period of from 
14 to 37 days, and the average length of the feeding period was 20.6 
days in 1917. At the end of the feeding period the larve leave the 
grapes and go to tender grape leaves on the vines in which they spin 
their cocoons. The prepupal period lasted for from 1 to 3 days and 
averaged 1.77 days with the first brood in 1917, and lasted for from 
3 to 7 days and averaged 4.15 days with the second brood in 1916. 
The pupal period varied from 11 to 16 days and averaged 13 days 
for first-brood pups in 1917. The total period in the cocoon varied 
from 6 to 32 days with an average period of 15 days. 

The life cycle of the first generation in 1917, taken as a total of the 
average length of the separate stages, was 39.79 days. The total of 
the maximums was 76 days and of the minimums 23 days. 

The incubation period of second-brood eggs varied from 4 to 10 
days with 5.1 days as the average period. The feeding period of 
second-brood larve was from 16 to 36 days and averaged 24.18 days 
in 1916. All other records have given this period as about 40 days 
which is probably nearer the average condition than the figures 
presented here. 


1 Johnson, Fred, and Hammar, A. G. The grape-berry moth. U.S. Dept, Agr., Bur. Ent. Bul. 116, 
pt. II, p. 39. 1912. 
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Second-brood larve begin to leave the fruit early in the fall, 
August 22, 1916, August 15, 1918, September 7, 1917, but leave in 
greatest numbers just previous to and during the early part of the 
harvest season. In 1916, 77 per cent of the larve left the fruit 
previous to the beginning of the Concord harvest and 90 per cent 
previous to the beginning of the Catawba harvest. In 1917 corre- 
sponding figures were 56 per cent and 94 per cent. 

In each brood of moths the females occur in much larger number 
than the males, the proportions being 21 per cent males, 79 per cent 
females in the spring brood, 1917; 18 per cent males, 82 per cent females 
in the summer brood, 1917; 25 per cent males, 75 per cent females 
in the spring of 1918; and 21 per cent males and 79 per cent females 
in the summer brood of 1918. A small part of the first-brood larve 
do not transform to moths the same season but hibernate and emerge 
as moths the following spring. In 1918 this amounted to 5.9 per cent 
of the total number recorded. Of the same lot of larve but 1.4 per 
cent were parasitized. es : 

Mating and egg deposition were observed during these investiga- 
tions. The habit of the grape-berry moth larve of feeding on grape 
leaf galls formed by the grapevine phylloxera was noted. Extreme 
resistance of the larve to low temperature was also noted, live larvee 
persisting after a minimum temperature of 17° F. had occurred. 
Parasitism was very low and of little consequence as a control during 
these investigations. 

Control measures recommended are cultural methods which will 
leave the overwintering pupze exposed to the elements as much as 
possible. Satisfactory control was effected by two spray applica- 
tions by the ‘‘trailer’”’ or hand method of spraying. The first appli- 
cation should be made 8 to 5 days after the young grapes set and the 
second when the grapes first touch in the clusters. 
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